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After reacine the article, Future Develoments in 

Telded Steel Buildings,” by Wr. Ahrshaa 'nlrixian, “ead 
JQegienine Cnzineer with the Bureau of Yarés and Cocxs of tne 
Y. З, Хату, Г decided that I particularly desired to do a 
thesis in connection with “Articulated пейсе- езт “ramins" ae 
developed by Yr. imirizxian. “Ir. Amirikien offered surreetiones 
end valuable advice both in selecting my subject and in carrying 
thie work to its conclusion. ‘or his intereet and zuldance I 
am very zerateful, and І hope that my orz wili prove of gome 
value in his further development of wedes-beam Traminer., "y 
work on thie theeis hae Tone mach to broglen my outlooz on the 
whole flel? of estructural desísn. 


I vish to acknorledree vith appreciation the assistance 


ОҒ Admiral Letis ^. Coabs, fiead of the Department of “Civil 


з 


inrineerine at "ensselaer folytechnle Institute, in naking it 
porsible for me to do thie perticular treseic and in obte ining 
eme 2^ t^e literature used. I also extend thenxs 10 УгоГеваог 
J, “herling Yinnev, Profeasor of Structural ‘ngineerins at 
Benrselser Polytechnic Institute, for hie many helpful 
euere stions зв Гасц1Ьу advisor throushout the course of my 
work. 

"ILLIAS 9. ЗРАЧПЬЕК 
Troy, “er York 


May 1950 
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ТІ, IW'WegJgCTION 


The objective of thie work is to determine the most 
economical system Of beys anî єрапе for the frame Of a 
Structure utilized to cover a ziven width of flooring. The 
structure fis to be desicnad — to tne concepto of 
articulated wedge-beam frenine ас they sre snpted to s one 
story cabled steel frame of the ehane ordinarily used in mill 
bDulldines. The specifie oblect of the study la to obtain 
a series ЭР curves showing the weight of structural steel per 
scuere foot of Floor area covered plotted arainst the number 
of enusl lencth bays used. Probably the cert тау to illustrate 
how such curves could be used ist су en example. Given the 
problem to desicn а warehouse 150 feet vide usine the principles 
of articulated wedee-beam framine. The curves would indicate 
which of the following structural arranvements would probably 
be moet ecomorical from a material standpoint: (a) a single 
150 foot span, (b) tmo seventy-five foot spans, (c) three 
fifty foot spane, or indirectly (d) two forty and two thirty- 
five fost spans. 

The concept of articulated wedre-heaz ÜPramlnzs паз been 
developed by Br. Areham Amirikian, Непа Cealzniag ‘neineer 
With the Bureau of Yards snd Docks, 9. = Navy, re Amiririan 
has extensively covered the aepecte Of this type of framing 
and le nor in the process Of soubliehine the complete theory 
including analytical formulae and tables for use in the 


construetton industry. A brief outline of the basic principles 
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involved in wedee-beam framins ls contained in a preliminary 
article. Conventional desion nethods do not fully utilize 
the materiale in flexiral nembers in that they recuire the 
chalce of an entire member based on some maximum atrees 
Securing st only one point іп the member. This exaszerated 
inefficiency in the uee of materiale is often partially 
Corrected by placing a haunch at the section of nish stress. 
Vedee-beam franine much more conpletely cerrects this fault 
by the use of tapered beame (See Pig. l), which are designed 
to furnish a8 varying section sodulus to conform rouchly to the 
moment diasrem of the member beine desirneá, true avoiding 
larze portions of underetressed material. 

The concept of sn articuleted frame cosposed of wedce- 
beam menbere lu based on the action of a elmple cantilever 
beam in flexure. The cantilever bean has the unique property 
ОҒ havinsz a consistent pattern of bending since the nonment 
diagram inevitably varies from a minimum at the free enä toa 
zaxioàm at the fixed end, no matter what system of lateral 
loadine is applied. [tis seen from "ie. l that the section 
modulus of 2 wecme-beeam varies in the same zeneral vay as the 
moment diseram of the cimple cantilever benz. Cantilever action 
is obtained in a structure by the use of the articulated phase 
of the theory. Consider a sinzlé bay cabled frare (See Fig. 2). 
if & pin is introduced at the crown and if the knee joints 
sre ririd, the сгокп will be sufficiently free to cause each 
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1, Amirikian, A, "Yuture Developuente іп “elded -teel 
Buildines.” The Yelding Journal, VII (Aur.1943) 593-599. 
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roof member to act es a cantilever been fixed at the knee. 
Further, the columns are joined to the foundation by a pin 
connection. “eferrinz to Fig. 2 it is seen that the moment 
dismram of the structure is analogous to a gertes of cantilever 
beam moment disvrams with fixed ends at the knees of the frame. 
By selecting the proper taper for the members the section 
modulus diagram furnished can follow elosely the section 
modulus diarran required. Ав а eldelleht it ia noted that the 
gabled structure shown in “ig. 2 ls statically céeterninate 
while ite counterpart in an ordinsry rigid frame is indetern- 
inate to at least one decree. 

This explanation of the underlyine principles of wedge- 
beam framing is admittedly brief and 1e presented in the nature 
ОҒ bacxeround material. Only one of the possible apsiications 
of wedee-beam framing hee been mentioned. Also any diecussion 
of the expected vevings in coset and weleht resulting from tne 
application of thie principle inetead of the orinciples of 
ordinary rigid framine or truss framing ig considered outside 
the scope of thls study. Xeonomie studies coule be made 28 8 
Continuation of this thesis. The principles of articulated 
wedze-besn franinz as conceived by Yr. Auirixian sre atill new 
and contain many possibilities for furtber investications. ia 
fact, many investigations rill have to be made to firmly 


establieh the practicability of the theory. 
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III. GEWERAL DISCUSION 


3-1. The Problem. 

The specific problem undertaken in thie thesis was to 
Obtain a series of curves which would show what arrangement of 
baye and spans would give the erestest econoay of structural 
framinz material for a single story szsbled steel frame designed 
to cover a ziven total spen, The structure was conetructed 
according to Xr. Апігіківал'в concept ЭГ srticulated wedge- 
bean framinz. It was decided that the desired results could 
best be shown by a aroup of eurves of weleht of structural 
franinr material per square foot of floor ares covered plotted 
aseinat the number 5f bays used, The curve ¢grouo would contein 
individual curves for various total spans with the total apen 
divided into the number ofecual span bays indicated on the 
erapn sbcissa. Thue the problem became one of deslenins a 
number of one story gabled steel framee utilizing articulatec 
vedgee -beam fremine. *nourch frames ueline different numbers of 
baye fora given totel span had to be designed in order to 
obtein в £22995 curve ЭР weicht versus number of bays for that 
total span. further, reeulte for a2 sufficient number and 
spread of total apans were needed to indicate whether or not 
а ceneralized statement coneerning the orobiem could be asde 
from the pattern of the series of curves, 


3-2, Procedure Followed. 





It wae felt that the mechanics of deslsninz the frames 


would be facilitated if the desiazns were pointed towards an 
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initial series of curves of weleht of framing material in 
pounde per Aqua re foot of floor area plotted ezsainest total span 
in feet. “or this series seperate curves were obtained for 
sincle bay, two bay, three bay, and four bey structures. 

From these initial curves the final curves Of welrht of material 
yersus number ОҒ bays were obtained., Ey using thie procedure 

it *es possible to utilize somerhat repeatins groups of spane 
per bay for each of the initial curves. Thie use of the same 
вовпв per bay for ench of the various пазоег of bays zreatly 
facilitated checking the desiosn computations. 

Sith tnie senéral procedure determined, an SWutline of tne 
order of attack was as follows: 

1. Determinstion of the basic desizn deta and sesumptions 
including the freme dimensions send loading and the various 
Тасбоге zoverninz sllownable etresses, 

2, election of spans for tne ginvie bay frames and 
desim of those frames. Frames were Jesinned for epans ОҒ 
40, 60, 20, 120, and 150 feet. These epens were, Of course, 


botn the span per bay and the total evan. 


3. Design of framee for the tro bey structure, Frames 
for the spans listed were Gesizned. 





срап рег Бау rotal span 
20 feet 49 feet 
40 20 
60 120 
80 160 
20 240 
150 з60 

4, Deslen of framee for the three bey structure. “renes 
for the spane listed were desicned. 

орап рег сау Total span 
20 feet 69 feet 
40 120 
60 159 
30 240 


109 300 
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5, Deslen Of tre frames for tre four bay structure. 
"ramen for the apans listed were desicned. 


Зрап рег bay Total span 
20 feet 20 feet 
40 160 
60 240 
RO 320 
100 400 


6. Plot of initial erlea of curves ОТ Frame Te ight in 
pounds рег вацаге foot of floor area versus Total pan in 
feet for sinrle bay frames, two ecual beye, three equal bays 
and four equal bays. ee "Старі 1. 

7. Plot of the final series of curves usins points fron 
the initial curves. These curves shor “rane "elrht in pounde 
per square foot of floor area versus “umber of Equal Says for 
$0581 spans of 60, 80, 120, 160, and 240 feet. Зее “raph 2, 

B. Analysis of curves. 

Discugelon of Procedure. 4 total of twenty-tvo frames 
vere desiened and s noint for each of these frames ses oiotted 
on the initisl series of curves (2rsph 1), in plottinz the 
final series of curves (^raph 2) only eieshteen points were 
used, end of these only thirteen were pointe nctuslly plotted 
on 3raogh 1, "his does not indiesnte sn inaccurscy in Graph 2 
аВ а сівпсе at Traph 1 shors that interpolation between points 
wee cuite easy end would not introduce any appreciable error. 
However, 15 49s indicate s possible falicy in the general 
procedure used. “inee time very definitely lisited the extent 
ОТ the work оп this thesis, it le possible that pointe for 
а five bay structure could have been obtained if the desion 
Fork had been pointed directly towarde the finali series of 


curveg. If the curves could have been extended to five bays, 


the value ЭГ the curves would heve been increased materially. 
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The method of anslysie used for the multiple bay frames 
ie the method described by Кг. Amirikian in his current 
articles. It 1а discussed in Article 3-4, 

In desteninz the frame as a whole and the individual 
members of the frame only exeleton desiens were done. That is 
to say that while the Steel Construction Vanusl of the A.I.5.¢. 
was followed in designing the members, no design ог weight 
allowance wae made for items such as te weldine or stiffeners 
required. Since the end result of each desien тав a weizht, 
it wae felt thet the elimination cf these iteae introduced a 
neclicitle error in thet rwelecht particularly ae it was in terae 
об pounde per square font of floor ares. 

“о desien wae prepared for any part of tre structure 
except tre actual bay framing itself. It was aseumed that the 
other parte of the structures, besides beine of secondary interest, 
would have an approximately equal welsht expressed in pbounde 
per acuare foot of floor area. Thus the only verlable entering 
into the graph ordinates was the welent of the franing itself. 
Aecoriincly the srdinatea plotted vere only the relent of the 
frame reduced to pounds per souare foot. Plotting only the 
weisht ЭГ bay frenine anterial tended to emphasize the effect 
ОҒ increasine the minber of bays for е ziven apan, and was 
therefore felt to be in keeping with the object of the thesis. 

53-5. Deslen Uata and Asmimptions. 


"гато Dimensions and Construction. “ee “іс. 3. The 





following assumed date concernins the frames pertains to all 


the structures desiened except as specifically noted, 
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“oluan пеїсні from base of column to intersection of working 
lines э? column and roof members le 20 feet. 

Bey depth is 20 feet. 

Span per bay is the distance between sdjecent column working 
lines. Total span is the distance between workine lines of 
the two exterior coluans. 

Sable rise above top of columns for: 

spans per bay up to вла includine 29 feet is 5 feet, 

врапв above 20 feet un to and includins 60 feet is 10 feet, 
epene above 60 feet up to and including 120 feet is 15 feet, 
epans above 120 feet ls 20 feet. These rrousines were used to 
facilitate the ase of Mr. Amirikien’s desien tables and still 
provide a somewhat uniform yet ргасбісеі rise to span ratio. 
lateral support of members (perpendicular to Y-Y axle) is asg 
follows. | 

@yterior codlumne have lateral support throuchsut. 

Roof members have lateral support Ұлтан. 

Interior columne ere lsterally supported by bracins at e point 
15 feet above the floor level. These sesunptions were made 

as a cosoronise between siaplicity anc orecticality in the 
design. They tended to simplify, and so speed up, the design 
work without injurine the resulta of t^e project. The 15 foot 
unsupported leneth of the interior coluans was arrived at 
through coneideration of the problem's etatement. It was 
aseuned that the area covered bf thse structure aust be as clear 


as possible of structural elements, sni thet a wall running 
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along the interior coluane would be objectionable. 

Frame loadings. Zee "ix, 3. The following applies to 
all frames. The entire structure is losded with a uniform 
eravity losd on the roof of 50 pounde per square foot of 
horizontal area covered. With a 20 foot bay depth this gave 
a uniform eravity load of опе kip per foot of span on the bay 
framing. No horizontal loading of any type as assumed. The 
aseumed loading pattern was not in accordance with general 
build inv code specifications. The 50 pounds per square foot 
was adequate allowance for a combined dead and uniform snow 
live load for most areas. Yo attempt was ande to deal with 
wind losds because the method of handlinz such loeds varies 
with different —— r8. "urther, it wes not felt that the 
addition of a wind load would have any material effect on the 
relative shapes and positions of tse final curves. A similar 
argument held with regard to the vertical losds and their 
application. Zimplicity of desien rae the governing factor 
in the choice ЭГ frame losding. 


Allowable Strespez. Тһе А.1.5.7. Steel Construction 





Xanusl vas used throuehout the desiszn of members, It has been 
previously mentioned that etiffenere were not designed, but 
it was assumed thet they would be used where necessary to make 
any desicned membera acceptable. 

“embers. бее Fir. l, 1% wae recommended and proved 
profitable to uee the minimum cut (minimum value of "e" in 
Че, 1) that could be used in practice. Accordinely, @ was 


taken as tro inches wherever possible. This allows Just enough 
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clearance between flanges at the small end of the welge-beag 
бо conveniently weld the two sections tosether. This is 
further discussed in Article 3-5, 

5-4. Method of Analysis. 

Thig discussion of the method of analysis le divided into 
two general sections. The firet section déale with the single 
bay structures and the second with the multiple bsy structures, 

3-43. ¡ingle Bay Structure. 

å sinele bay, one story asble frame utilizine articulated 
wedee~bean fremine (fie. 2) 1а a etatically deterainate 
structure. It 15 made atatically determinate through the 
articulated phase of the deslen which hes a pin at the crown 
joint and pin foundation connectione. Thus there are four 
reaction components to be found, a horizontal and a vertical 
component st sach of the foundation pins. Because of the pin 
at the crown, about which the moment muet be zero, four condition 
equations may be written for the structure. These are the 
usual ecuatione of etaties concerning the sus Of the external 
horizontal and vertical forces and womentes plus an ¢quation 
etatine that the moment at the crown ріл ія елиаі to zero. 
These simultaneoue equatione may be solved directly to find 
the reaction componsnts. Mavinga found the reaetion components, 
the moments reauired to complete the analysis say be written 
directly. 

5-hb. Multiole Seay Structures. 

The multiple bay, one story gable frames utilizing 


articulated wedee-beam framl:icc designed in this work were 
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analyzed by a method developed by “ту, Amirikian, This 
discussion denls only briefly with the method as it applies 
to one etory gable frames loaded with a uniform gravity 
loadinsz. Er. Amirikian is now publishins articles which 
Gevelope and illustrate the method completely in ite spp- 
lication to different types of articulated wedcre-bean frames 
under varyinz conditions of loading. 

The use Of articulated wedge-beam frezczing as opposed to 
ordinsry ricid framing reduces the number of unknowne which 
must be deterzined by methode of indeterminate etructurees. If 
the number of bays contained ina frame ie indicated ру "п", 
then the number of indeterminate unknowns, "х", may be 
expressed by the followine relations: 

"or unsyumetrical loading = 


Even nuuber of taye, X e n-1 
„ad number of bays, x * n-1 


"Or symmetrical loadins and framing - 


n/2 


Even number of bays, х > 
x = (n-1)/2 


Ода пазбег of beys, 
à frame Of the type desizned in this work may be considered 
бо сопеїві of a series Of sinple franes joined tomether by 
crown joint pine. Zee “ie. 4. For the prupose of апа1ув1а 
the division or cuttinc of a frame into its component simple 
frames doea not reculre special rules. Іп moet cases the 
separetion is made at the crorn joint in every other bay of an 
assembly. Thus in ire. 4, the three bay frame is cut at the 
erown hinee of the second bay to fora simple frames 1 and 2. 


The four bey frame may he cut as shorn into simple frames 1, 2 
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and 3. The unknowne in any frame consist of the two hinge 
reactions at each joint linking adjacent sinole frames. The 
number of unknorns for a symmetrical three bay frame that is 
eynmetricelly loaded (Fig. 4) 1а reduced to one in accordance 
with the equations given above by the fact of ite symmetry. 
fhe vertical force at hinge B must be zero. Zinilarly the 
analysis of the four bay frame could by sizvlified to take 
advantase ОГ gymmetry by cuttinz the frame st hinzes 3 and 

С. The cute and forces shown in Тіп, 8 lliustrate the zeneral 
сазе. 

In order to дефегліле the values of these hinge reactions 
their interrelationship is first established. Thie isa obtained 
from the coneideration that tro adjacent simple frames will 
have the same deflection st a comnon link. The next step is 
to solve the resulting sertes of simultaneous equations. “ore 
epecifically, the procedure to be followed in the anslysis 
oongists of the following: 

1. Subäivide the main aseembly or framing into ite 
component simple framee, and indicate the unknown hinge forces 
at eseh cut joint. This #111 result ins series of statically 
determinste simple frames, each subjected to unknown H and V 
forces on @ach side in addition ta its own lading. 


> 


— $ 


Draw the moment diascram of esch sinple frame due to 
each unxnown H and V force ns well as one for the given loading 
of the frame. This results ina series of moment dlazrams. 


3. Velne the moment dissraus in (2), «rite an expression 


Фор the horizontal sna vertical deflection at each cut joint 
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of esch simple frame. 

4, quate the deflections of adjacent einole frames. 
Thie will result in a set of simultsneoua equations, the 
number of which will correspond to the number of the unknown 
hinge reactions. 

5. Using the eguatisne in (4) solve for the unknown 
hinre reactions. 

Deflection Ecuations. Іп ceneral, two enustiane can be 
derived from the two deflections at sach connecting joint of 
adjacent simple frames. #s stated above, these are obtained 
by equating the horizontal and vertiesl deflectione of the 
¿joint from one frame to the correspondins expreasions in tne 
Other frame, The deflection of s simple frame іє січеп Бу 
the usual expresaion: 

A, = Ms 022525 (1) 

A Lx 

in which Ар is the deflection of a joint В, measured in the 
desired direction, 4, le the simple frame moment due to the 
applied loading, mg ie the sinple frame moment due to a unit 
load applied at the joint in the desired direction of the 
Geflection, ds 1e an element of length, 5 апа І sre the 
modulus of elasticity and moment of inertia, respectively; 
and the summation includes all the members of the frame. 

Since each member of the framing Рав s rivid joint et 
one end and a hinged connection at the other, the bending 
moment diseram of each member is similar to that ЭГ а canti- 


lever bean. The moment may be due to an end force, such BE 





ов ‚ ма у t A AMA te 












жо. 4 
= 24... a ЧУ |— (аж | Р 
— 4 Ala 41 è Jh — mes dm mn | 


7 8 
= й Zr i» Ві yor er 4 - . 

— on la fu am a Vr owt "та 
"8 - T] г t= .... М ¿e -— ғаты 


- ! -- 090. "€ — ——— "Q^? gua 







. "Г ге 4 .- E жет — с 
өз з" “mr e” > 0 ios eh act PT rr 
om | --”-.. жее! 


"оо : L - a JA 


| көзе МУЫ” | o N on вз A 
+ > > тег adem mE a Vo Vim tert "m 
a — une an? wr це on o 
wu" tc туу... mir зд тво db] зе? ce жаа умар 
4 = 54. bhs а. ші 
іштім во атты 1 © bh Wiidleeds Te 














а е 














2 я a" Pa "ҮҮ" - 4? EN 1. 2 Ж, e tie n! 
ION ons tr ieee E | 
- ee. = й "ә є әб MIA о: Е ма - a 


DIDA > 3» қам? 
. та ва = =! & a a ж-. 








14 


the hinge reaction normal to the axis, or ts a given loading 
applied between the two ends of a member. Now, let P. rep- 

resent the end force or normel hinge reaction, which produces 
the simple moment Ха ina member, and p. the end force which 


produces s noment m Then the contribution of a member to 


“ 
the deflection of the simple frame, Eq. (1), may be considered 
ae the deflection, A, Of a cantilever subjected to a load of 
Ру x р, at ite end. It in given by the relation: 
2 

дам т о (2) 
in which k le a eonstent depending on the shape of the menber, 
1 is the leneth and I is the moment of inertia of the small 
end Of a tapered ог wedce-besm member. 

The deflection of a member due to a loading applied 


between the ende is the same as that of a simple cantilever. 


"Op a concentrated load, P, the expression is: 





I 
م کے‎ = ві * Ap (да) 


in which Ky 15 а econstant дерет {пс оп {пе аһа ре of the 
member and the position of the load. 


Similarly, for a uniformly distributed loading the 


exoresasion le: 


4 
Ni o (av) 


Ky beine the shane and the losd constant for this case. 


Tith thie concept, to obtein the deflection 4 of a 


Sinple frane, it ia necessary to sum up the deflections of 


its component members ав ziven by Eqs. (2). The factors 



























ЕЕ 
“ 


жійьс! эт є оз ~ 24 «YU ЗА jtm ni m 
-— d ow yet on ncm m | ing де 

мамсх ,ығ- "уро AA ¿A m ان و‎ 
-нтеоптьо шо те й т |. А m 
"NIU Wl  —. | 3 EM . Be TS 
тте ы fw QE Go те nd 222 % а 
е ышы & p^ tou Mw vtt mat 1 18 е | 
те!» жже Mew эз т m nd 


^^ 
| t ux ou^ 
ata чі есть | зе літають imb tif 1! 
(pe at > віють! od яю! ві — ім 
“Mie веко Ду а 
Малана @ ‘igi © 08 uw 90 à "e змі? 
нин cito qoo HW! A^ o AM s). ht m 





7 
б 
- 





в ти att оз „ш тає 


юм yA 3 ә ж 
>A 


o ê s'a mad 94. 22 е 
PERS то эъ тәме зві бо P 
ші є р по Гг ранок і нане tee 4 ж 11 і 











тш 
oh ce 
>» о 
а яр ть! тя інн зола لص‎ 
' а й si ри C^ Me 4f( hes. dud 
ТҮ ыл =f = = of MIA э! 41 ¿DOT ву 


(= 40% ! mar, (y ul м тем e 


15 


k, Kp and ky for various types of structural members have 

been evaluated amd tabulated by Mr. Amirikian. The tables 
giving k values for the type of members used in this work 

are in the Appendix. | 


Illustrative Problem. To illustrate the procedure in 
analysis, one general problem is presented. The three bay 


gable frame shown in Fig. S(a) represents a case Of symmet- 
rical framing. Under the given unsymmetrical loading there 
are two unknown hinge reactions at joint D. The two deflec- 
tion equations necessary for the solution of H and V are 
obtained by using Equations 2 for the contribution of the 
frame members in one-half of the frame to the deflections at 
D, In the following equations the subscripts to A indicate 
the member number and the type of deflection. 


() Horizontal ге”тс”о” ә” D: 


Au: A gy [2 (8) 20% 2115 + Vot 


4% 2, [ er = wh Lo 2H "(frz ғ 





i д. 2 | . 
"А, 5 ©, A 


2 


Ay А 
ر‎ 2H^(2).7 27+ Ид+ы i T. 


2 А+ 2 27 4, 
Au 244 (2) £ = ae wi," 49 A 
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my, tiga? Agat pA Ды = О (3) 


O) Vertical сес Рот s^ C: 


2, +0. [202 Ye 24 (1- 2s. Н.О + 


j^ 
м2 2 [8 22-1 С 5) ни" Lo БГ? А (1-2) 2m 





EA. ‚Zu, | 
Do "2h coso, 7,+119+:0 


a ДА? 4 
A zy = 2VA (BE)? E+ H-0-w? Ah £ 


2 А 2 leh 44 
Аду = 2007) Ta +H0- wi, 492 “т, 


Ajy + Azv + Ap + Дади > Ay: О (4) 


Each of these two final equations (Eqs. 3 and 4) contain terms 
in H, V and the real load. These two simultaneous equations 
may now be solved to obtain H and V at joint D. After finding 


these forces at D, the design moments may be solved directly, 
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Development of Simplified Yethod. The final equations 
from the preceeding article may be reduced to the following 


Гога, 
дот KH PY +O (3) 
y= K'H+tBY+Q'=0 (4) 


In these equations the symbole of and 4 indicate the total 
coefficients of the corresponding unknown, H or V, 5 is the 
total real load factor or coefficient as applied to each 
equstion. The prime marks (') denote the deflection equation 
to which the coefficient belongs, 

In evalusting e(, 4 end & there are certain factores which 
depend on the properties of the individual member and other 
factors which depend only on the dimensions! characterietice 
of the frame. These factores are now separated. The factor € 


dependa on the properties of the individual member and is 


expressed as: 


/ 
Си= ЖЯ 7 A for equation (3) 
Су: Á $ 4 for equation (4) 


In these equations, k ls the ваше Е ав used in Equations (2) 

of the article on the deflection ecustions; it depends on the 
shape of the member. 1 is the length of the member, 1 is the 
moment of inertia of the small end of a wedge member, h is the 
height of the column (See Fir. 5a), snd lo is half the bay span 


(See “ine. ба). Each di^ferent member used in the frame will 
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have its orn © values. 

The factors r, se and p depend only on the dimensional 
characteristics of the frame. rie the factor associated with 
И. There will be a seperate r factor for each member of the 
frame depending on the contribution of that member to H as 
determined only from the geometry of the frame. Similarly, в 
is the factor associated with У апа р ig the factor associated 
with the external real loads., 

A» Ø and 2 are now evelusted fron the following equations 


in which the subecripte indicete the member involved (fie. Se). 


a4 [C, U + Co Fa + Cg Fs +t Catz J 
Eu BUGS) + Cep? Ss? Cos) 


Q- ml [GEIG p, * G Pyt Cap) 
The factors are ainplified by гезоуїпя h, 15 ог wir“, ає 
appropriate, from the items in parentheses. Zisilar equations 
may be written for x; Bana <‘. 

Tables may now be set up which crestly simplify the 
solution of the problem. For any given framing the r, s and p 
can be determined by following the general procedure of solution 
ag previously Mutlined. Once these coefficients are determined, 
the deflection ecuations can be written directly. «г. Amirikisn 
hes evaluated and tabulated theee coefficients. The tables 
are arranged in a form to assist the deelener in writing the 
deflection equations. The tables ziving these coefficients for 


diferent methods of cutting the frame are in the Appendix. 
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Only those tables which apply to mable frames are included 
in this work. This ie admittedly a brief explanation of the 
@evelopment of “r. Amirikian's method. 

Illustrative Problem UJsine Simplified fethi. The method 
is probably beet illuetrated in this brief treatment by out- 
linins the analyele of the frame in "ic. 5(a) using the method. 
A step by step procedure is civen, 

1. Select trial members for the frame and obtain the 


У алі k. factors from the appended tebles. 


* 

2. Cut the frame at hinte 2. Thie means that the г, 8 
and p factors will be obtained from the appended tables labled 
"Gorizontal Deflection at Joint. 2" and "Vertical Deflection at 
Joint 2". 

$. Because Oof the extent (only three bsys) and loading 
of the frame, only the following colusnse fron those tables 
will be used: МН , 15V, , wl,^. Lay aut work tables similar 
to the appended tables but with only the above three columns 
for coefficients. 

4, Compute the C, and C, values for each member and 
enter them in the C coluans of the work tables. Tach member 
may have its own С. Relative values of © may be used for 
convenience. 

5. Compute the FP values fron the tabulated formulae in 
the hU, coluuns of the appended tables end enter them in the 
work tables. The s values are obtained from the 1¿Y, columna, 
and the p values from the „1° columns in similar fashion. 


6, The deflection ecustione are “quatione (3) and (4), 
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which are repeated with the mubscript 2 spplied to н апа у 


for convenience. 
Ay: A Hr Bv» Q= O (3) 
A, = <! Ha + 83920 (a) 


7. Ais evaluated by multiplying esch r by ites 
corre sponding Ор and summing up the producte іп the table 
for horizontal deflections. Mand « are similarly evalueted. 
8. e( 1a evaluated by multiplyins each r? by its 
corre spond ins ЗУ avi summinre up tre productes in the table for 
vertical deflections. Æ ena С" are similarly evaluated. 
9. cuntions (3) und (4) are solved to obtain Ha and Vo. 
10, Тһе desien moments may now be written for the entire 
frame and the selected members cnecked for allorwable stresses. 
11. ІС апу member ie unsatisfactory, a new member is 
selected, "hen a new member ise substitute, the anly items 
changed in the work tables are the S and k values for the 
member. This feature ОҒ the method makes refinement of the 
desirn a relatively eimple process. 
5-5. Member Девіса. 
Yedre-bean members were used throushout ali of the frames. 
See Fir. 1 апа Fig. 2. Purtner, ail of the weäze-beam menbers 
were selected to be fabricated from standard rolled FF sections 
ee lieted in the 2.1.5.6. Steel Construction Manual. “ince 
an objection to the use of wedee-beam franing hae been the 


cost of fabricating the members, it was felt that standard 


rolled =? sections would be used in practice to Keep the 
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fabrication coste to a minisun. 

with reference to Fie. 1, the value of e was teken as two 
inches wherever possible, This value of е was recommended as 
the minimum which allowed ressonable eses of welding when the 
two parte of the cut FF section were fabricated into a wedge- 
beam section. The rezuired section modulus о? any member in an 
articulated wedze-beam frame varies from zero at the tapered or 
small end to a maximum at the larze end. Therefore, the most 
efficient member and the lightest satlefectory member can be 
obtained by keepinz e t9 a minimum, This has the effect of 
aivinz a very small section modulus st the small end and the 
maximum possible section modulue for the section at the larse 
end. It was not always possible to use sn e of two inches. 

The factors other than the zero moment which пад to бе coneld- 
егей nt the small end of the member were the axial load anc the 
traneverse ghenr, “ith the larger spana these factors made it 
necessary to use values of e greater than two inches, but the 
minimum e which would give a satisfactory member was used in 
these caseg., 

In checking a member Гог sllownble stresses the specificae 
tions of the A.I.9.C. Steel Construction Nanuai were followed. 
Column members теге ckecked at the large end, aideheicht and 
emsll end. Roof membere were checked st the tro ende. This 
кав done because of the way the moment diagrame for the members 
varied, See Fig. 2, which shows typical column and roof 
member moment dlazreas. “The moment diagram for the column 


membe re varied ina straieht line from the maximum to zero, 
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while the supplied section modulus varied alone a curve 
(Ріє, 1). Thus a selected column member might have been 
satisfactory at both ends yet Overstressed at the midpoint. 
The moment dinerams for the roof members dropped off rapidly 
from a maximum at the large end. They then varied over а 
renge of relatively smail momente to zero at the small end. 
Thue the two ende of a roof member were ite critical pointa. 

The general procedure Of member selection was much the 
same ne for any indeterminate structure conteining unlike, 
non-prismatic membere. initial menbers теге selected and the 
frame was analyzed on the basis of those members. The members 
were then checked for stresses as discussed above, The 
oricinally selected members were replscel by ner members when- 
ever it was felt thet the new membere would improve the 
material economy of the frame ог when sn orivineal member was 
found t5 be overstressed. After any chance іл menbere it was, 
of course, necessary to analyze the frame again. AS Fae 
pointed out in Article 3-4, this process was relatively simple 
because of the tabular method of analycis used and because only 
a fer terns of the table were changed. This rensral process 
wag repeated unt il the final frame wae arrived afb. it hae 
been mentioned in Article %-3 that the members were only selected 
ала detailed desiens were not done. 

3-6. Resulta. 

The resulte of this work are shown on Graphs 1 and 2. 
A@ was explained in Article 3-2, the resuits are best shown on 
Graph 2 which wee obtained from Graph 1. raph 1 ie a plot of 


Total Span in feet ve Seicht of Framing “aterial in pounds рег 
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square foot of floor area. Graph 2 ig a plot of Number of 
Equal Span Pays va “eilzht of Framing Material in pounds per 
square foot of floor area. 

The Ordinates of both sracha include only the weicht of 
the bay framing itself sine# economy of framing materiel was 
the main interest in this work. This was felt to be further 
justifiable for two reasons. First, it wae assumed that the 
weight of the roofing and siding expressed іп teras of pounds 
per square foot of floor area would be лезгіу enough ecual for 
ell the frames to have a negligible effect on the shape of the 
curves, Second, the effects of chansing the ярап per bay and 
the number of bays were emphasized by eonsiderins only the 
frame weleht in the curves. 

3-7. Discussion of Curves. 

Since the final curves of Graph 2 depend entirely upon 
the curves of Graph 1, oniy Graph 1 need be considersd in a 
discussion cf the accuracy ОҒ the curves. After all the points 
on traph 1 were plotted, 1t eeemed thet the most probable form 
of curve for each set of points was a straieht line, апа а 
straieht line was used through each set. Because the choice 
of members was limited to those whieh could be fabricated from 
rezularly rolled YF sections, 1% was impossible to desion all 
membere to the eame efficiency. This was considered t9 
partially explain the deviations from s strnizht line anong the 
points. Other sources of error may also have contributed to 
the deviations. However, it wes felt thet a straizht line did 


represent the true shepe of the curves, end that the curves 
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were accurate within reason. 


3-8. Analysis of Curves. 


GRAPH 2 INDICATES THAT FO" ANY GIVUN TOTAL SPAM THE 


SPAN BAYS IS INCREASED, FOX A SINGL 
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UPILIZES ARTICULATED WEDGE-BZ4M ҒБАЧІЗ2, 

The curves Of traph 2 show specifically that for any 
given totsl span over eighty feet, with a column height of 
twenty feet, an economy of framing meterisl ie effected with 
each increese in the number of equal ecan bays up to at least 
four, for the type of structure considered. However, the 
consistent shape Of the curves points to the generalized 
statement made at the begining of this article, There le опе 
Obvious limitation to the generalized statement. The curves 
shor that there is an increased econoay with each increase in 
the number of bays up to the point where the column height is 
equal to the span per bay. Thus for а sixty foot total span, 
with twenty foot columns, the best economy shown is with three 
twenty foot baye. For an eighty foot total span, with twenty 
foot columns, the best economy shown is with four trenty foot 
bays. The members used for the exterior coluans in the deelans 
for the twenty foot span per bay structures were very near the 
lightest members available which make setisfactory columna. 
Ales because of the unsupported length of the interior columns, 
these members were actually heavier than the exterior columns 


and roof members, thoush the interior columne should theoret- 
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ically be the lightest menbers in the structure. Thus there 
1s obviouely a lower limit below which the span per bay cannot 
be reduced and still obtain increesinz economy. "ron a stand- 
point of frame material econony, it seems that the span per 
bay should not be lese than the column heisht. 

This line of reesoning is further born out by the fact 
that as the number of bays le increased the percentare 
increase in economy for each additional bey decreases, The 
law of diminishing returne ¿definitely apoiles. The following 
teble to illustrate thie cives averame values from all of the 
curves on Graph 2. %O curve varied more than five percent from 
these avernge values. 


felont saved by increase 


Inerease fron (percent of larzer weicht) 
1 to 2 bays 4T 

2 to 3 baye 29% 

5 to 4 bays 19,5% 


From the discussion zo far, 1t ia seen that points for 
five equal span baye would edd considerably ts the value of 
the curves, as wae mentioned in Article 3-2. ‘Such points 
would definitely help to establish the lower lisit of each 
curve. Points for etruetures usinz « fifteen foot apan per 
bay would, of course, be brought in with the five bay structures 
to add to the value of the nev points. 

Only econoay of framing material has been considered in 
this work. For any given structure the overall economy must 
be considered іп its desien. As Fae pointed Out, the weight 


of roofing and siding material for a given total span, for the 
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structures desloned, was nearly independent of the number of 
bays used. The only factor changing this quantity is the 
Slirht chanwee in roof slope. Thus from a purely material 
gtandpoint, the most economical structure of the type considered 
in thie work le the one with spans per bay approximately 
equal to the column heizht, However, in the overall economy 
the costs of fabrication and erection must be considered. 
The evaluation of these items are beyond the scope of this 
work, and ere only mentioned to point out the other phases 
of the problem. ln any practical desien the two phasee must 
be balanced. 

3-9.  Sugzestions for Further Study. 

It te pointed out in “tection Ii that Mr. Amirikian'’s 
concept of articulated wedce-beam framine is ner, and that there 
are many poselbilities for further investications in connection 
with it. Along the linee of this work, 2 similar project 
could be done for the verlaus systens of rerular ricid franine. 
Such a project uzing the same problem conditions ae this work 
would provide в bacis for economy compariecns between regular 
rieiad franinz and nrticulsted wedce-besm Түззіпе over a range 
ОҒ epane aná bay arransementa. The project would also check 
the extent to *hich the reeulte of this work apply to other 


types Of construction. 
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iV. COMPUTATIONS 


This section ie divided into six articles. The first 
four articles cover the desien computetiona for the single 
bay, two bay, three bay and four bay structures reapectively. 
Sach article conteing в eummary of the computetiona for the 
structures desimned in that article, Detailed computations 
are presented for the forty foot span per bay etrueture for 
eech article too illustrate the complete procedure for the 
structurse in that article. їп the deteslled computetions 
items which merely duclicate previous work or methode are 
onitted, and only the resulte for those items are indicated. 
An attempt has been made to reduce needless detail to a 
minimum. 

Article 5 1s a tabulation of the data used to plot Graph l. 

Article 6 is a tabulation of some properties If wedge- 
beam members used. This tabulation was computed for use in 
this work ne a supplement to the siniler section of the Sele eC 
Steel Conetruction Manuel. The method of computing items 
for this table is ehown in the sample computetions of Article 
4-1. The tabulation does not cover sll of the members listed 
in the 4.1.2.0. Manual. It dose not include many items given 
in the Yamal for each =F section. “ome of the unlieted items 
are unchanzed when the regular ЧР section Le converted into a 


wedre-besa section. The amel end the tabulation were used 





torether in the derien vork, It le not recommended that this 


tabulation be used blindly in other worka without full realiza- 












mie re 4. i 


ваті) et tibns alo Adi шы... тəн". "m 
elumnié ai 171 adiós da 068 ur vorn yu | а у 
diria со! CL M 1 BL... T a> 
ox "^ natum үче t ame ^ dotes mnl 
ор алаа а вла 1; 32:189 ой "-———— 





“ a i In зы мт t юш wm бше 
3 й = >= TIR !ا‎ "Um 3 ot 
aries "uM M 1 2 [I of 
me s нки. (e oem rine 

cl hb wt Te | я з | + PIDA мг Ұқ es 4 

i ALAM u e LA 1 r O gap 












зб “== e^i „= $ ' * - ғ ‘ee 2... е г ? ыз/ 
SS о 

е w hi —_ т ШС смт % ым”. 

ы әк wi ре: c кз алаша Tw А2214 


> 


ы 7; кек төз ере ОГ Sa ts o) ue + „жэие - 
etd тріть te ida e" ا‎ lah ЁШ 

E ч 
is lA 4 í dia 2m |" 32M l . чіт 
I1 rf! "t об za» "zZ TRAS ^.^ ice soe erie Co? -* 
к... "гу SFr a - g tee і е eu 4% Asa € a» w"adtü 


(4! ыч И C DL «та || б» w ло те" Гала 


Gh NE 2l. BIA . 1. ыл P 
һы y "e ww /as із "РП AL a ons 
4 Fa “ - re" Ow oi тї "ТІС paler ти мт о. 


рат 34 Un, г.г ТЫ Sean д за 







де тазе тө constructed to slide rule accuracy 
| ls presented because of 1ts possible value as a 
and a check for future work. 








вано я своя II IDE є wd 


* wp «9 415 0. > Aa ns Y Po ۱ 
LAINE I ее o "E | 


29 


4-4 Single Bay BrryucTeres. 





Try /Фи 32 for U mear bers. Coloma 225/77 contro/S. 
Section Freperles 


das 7 
Large &nd- 202.007. ж<)- тхМкғЯ-22%Ҙ/ awb- Ae 
ER IS lils = 2 77« $o6:8 77 
gu /080 /АЯ 


// Ga 
v 


Small Laso - L (approx) = жанрга = 2 4,0? 


AL tus (^yy gssomeo unchanged.) 
Large fnd- Az 2* 3.06 +23./ 4.287" 


DUET UE IS iN. 


6.12 +6.63: 12.75 31. 





/ 


Small End- Ar €. /2+7./0x.28077E./2+ 99: 7 О/ 57. 


24.0 
na: PEF -ABb 
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Srresses 
33.3 
e A, 343 5 /6. 8 £sı ш» 20464/ 


Ж т 20x 12 


er 


72, /2. 52/57 #5; Pits Е 9, 5 





“26 Ж: /6,67 ёз/ 


ж ни: ЕР, “4. 0954.840 2.935 





Pe "Я 7 442 49 
/ 8.3.3 х /2 
Є М 2: 419.512 7/6. S hs) Ж- 20 4з/ 
Ес . “7... 20х/2 = . oe 
е: 50° Ойг рет FBG ° HE ova 7 
Ж. A - 2,2 е /6.5 12 4+. 915 4 
Ж, e 70.14 20 г "7 


@A pt. AS z 2.86 s; =: ZEE (44 Au: 7.04 Es, 


shear allwed = 13x94, 287-14.3 % 





ясли = És 174 у 


Ema) mem ders sl members - 1 2м 3 92 


Wer + 
Gn a - 2х20х<37- /260 


roof жежмдем- 2х 22.4: 392 / 45,74 
2997 


2267, = 3.6/ osf of £ hor Петі 
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Reactions at " of exterior column: H - l5k, V - 30x 


5 in 21 menbera: 


all members - 18*F55, 
ісі: 4.74 рө? 


Reactions at base of exterior cloumn: 4 = 22,9x, V = 40% 
al members: 

all members - 215763, 

licht: 5.34 pef 





асъ опе et base of exterior column: " - 51,5х, V - 6Ok 





Pinal members: 
all nembers - 3077103 (use e of 3"). 
*elent: 7.39 psf 


* total span. 





feactions at base of exterior column: и - 70.4k, V - 75k 
Pinal menbers: 


columns - 2734595141 (use e of 5") | 
roof members - 3317130 (use reeulear e of 2%), 


Теїснь: 8,62 paf 
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4-2. [wo Boy Strvcrores . 


40" soon per bo ФО” total soon. 


4 





qe { 
| c 
I 
133.3 ^ ч pr ب‎ 
@ | D 
M © 
6.674 | А E 


c" 


Try /# 34 for exterior cohmns E rook rem bers. 


S/rresses 2.4 
Ф д PAP A i. 945; FB 2 2043 
20 ЖЕ. 
2$ = ж 2252757 44/ Жк :26 Farle. 67és/ 


ж Я 7/52, 44%. о-. 235 
a Mun mmm 


1313, 3x12 = г з 
a PEPE 24.0 4s » 2045 
e^ A TETE A ^g 


©© £ 2.045, =. 422 ҒА: /6. 14 és/ 
/0.0 ^x x 


= + 
“Та: 6/4" 20 


Z 2/28 447: 9.04 «s; 
ac Yo - 6.67 


7 

ж: 

Ja ZA: 2.0 WS. 1294. 232.797 

Fe, 

@А #т {212.86 45, 
shear allowed = 13x 44.2872 19.9 k 

Try 64820 for Jp ro cow. 


2 KILJ 
7<200 ‚'‚ 77/7,770/77 y= 200 7 2. 70 





сфе, 07 MB. ue. Ax 240 
@ دور‎ Zh 7.5 ts, Ip, A мы 
баг б бо 65/ 
Ena menm bes 


Lu terior columns f roof men bers = (4h IF 


Lyferior сат» = 648.20 


Weight 
Columns - ZXLOXFZ4 27/360 
20x 20 = #00 
Loot members” 4 к 22,4839 <30 50 
48/0 
45/0 
MO. ¿3.0 psf of бою oreo, 


20x 80 
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Feectiona at base of exterior column: Н - 2К, У - 10k 
Final members: 





exterior columns anc roof members » 12814 
interior eolumn - 6815.5 


Weizht: 1.87 psf 





120' total span. 
Reactions at base о? exterior column: Ч = 15k, У - 30% 
Pinal members: 


exterior columns and roof menmbere - 185755 
interior column - 87728 


“elent: 4,04 pef 

80' apan per bay; 160' total span. 
Reactions at base of exterior coluan: Y - 22,9k, Y - 40k 
"insl wezbers: 


exterior coluane and roof members - 219763 
interior column - 5536 


Yeicht: 4.70 pef 

120° span рег bay; 240* totsl span. 
Reactions at base of exterior column: H - 51.5k, Y - 69k 
Final members: 


exterior columns and roof menbers - 3017103 (use e of 3") 
interior column - 81548 


Weirht: 5.69 psf 


total span. 





Беасбіопе at base of exterior column:  - 70.%x, V - T5k 
"inal members: 

exterior columns - 3317141 (use e of 5”) 

roof menbera - 33291530 

interior column - 82 767 


Weight: 7.90 psf 
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4-3. (free Bey Structure 6. 


/ 


Jo’ soon e з О otal Sor. 
4-7 | 

QE с 
4t Assumed members 





oe force “Г 


cur Sf? ^27 Use 


— =» 


1 
і HOBO a 
ж” d Table. 
6 >Ос70-5 
IGHEZA - 249 (10D) E ,О/ФОО Жм 2. 00.56.5 
CNS 
© А 2 4 - с: 2 k= .0OS868 ws.0/766 


-Y Coeff, Load Cort£iclent 4 
H.: 20/62 41 Jod wih 400] 4°: 400 


——— HE, «BER ہی‎ 









‚ Вед? _ = | гній із ЩО 
т кы ДЬ. жый 
cn. pas | 917 |-.074 
Co lare? 2 о | 244% | L167 г. ОРЫ | 
"E LI да > [AF paste 2 1.22 5.) - 
- کس‎ Ж.М i et 1-9221-<7) 
à E36 SO | Же” —. o8.  ,/67_ 


£ Relive woes of €. 
20/0) (8.6/)+ 400(-.8/4-1.237-. 810) = 0 


^, г 200» 2.865 z +g. 6 7k 
20x 8.6/ 


Note: Use of interior Column mem ber Lg TCP LL 
Gf Pf /;7”ососев moment iA IAST column, whıch The 
g47 prem ber will же” Corr yo 
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лә reactions £ Moments. 


133,3 4% ARAN 





! | 
20€ 40% 


57725525 
Checks for J/#M SF exter or Colum Ind roof rem ¿es 


sawe IS in Се 3-1 and 4-4. Member or. 


y 


Ove 24 Inferior Cod mo (Cope Il “no КОО 03) ‚ 
" - fe. ge. LEO 
OL Yo = Gh GLI Es, ж” LES JM * 7B? ло ЗВ 


Fa = сб, 9245, 


^ vg Adem bers à 


A y Tm ^ro» со/бу?? 5 dad IH Foo f ж әудем - 44-3 








Zotfersor Colerrns- Ebr 24 


Weight 


Сойижо/>5 - 2:20: 34% 2/260 


2х 202% 
роо Ё smembers - бх22%95%7 = p 70 
6670 


ВОГО -- 229705 of ор УРФ. 


HOXPZO Ё 








Porcee at cut Joint: 95 - 1.50k, У « O 


reactions at bare of exterior column: Y - 1.75x, Y - 9,4k 


Final members: 


exterior columns and roof members - 12314 


interior columns - 6815,5 


Weisht: 1.77 ра? 





Forces al cut joint: Я - 15.8%, V - 9 


Reactions st base ЭГ exterior column: 3 - 15,25! 


Final members: 


exterior columns ani roof members - 19155 
interior columns = 3# F28 


weight: 3.82 pef 


20' span per bey: 240' totel span. 





Forces at cut joint: Н = 24,hk, V - O 


Resctione at base of exterior column: К =- 23.6%, 


Final members: 
exterior columnas - 21773 
roof members - 219765 
interior columns - 31755 
*eizht: 4.54 psf 
100" spen per bay; 300' totel soan. 


Forces at cut joint: H -39.3x, V - O 


V - 40,7k 


Renetions at base of exterior column: Ч = 37.5k, V - 51.25k 


Final members: 


exterior columnas - 247 *100 (use e of 3%) 
interior coluans - 23543 
roo? menbere-exterlor beys ғ 24% 94 
roof membere-interior bays - 24,34 


Seicht: 5.71 psf 
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Ж С Gay Struciures. 
20" span per bay; 160" total span 


Assumed 
members. 
Сол ж? 

Гон” 2. 





| | 
| о‘ | 





4A fochs 
/4 VE 24 L=. 01/800 вич з 00563 
Ew: 24 4.05868 бау: .0/766 
_ эб я Del rec от; e ЖЕТ. 72 | 
Member Cy- £4 Бау санат for AHi Load Co: Co efr. rer. A In | 
D. D Андон ЖУ, + 20047 400. PAZ TEI imn 
Beem / | ae oe el -072 | 2,472 | | 
4 TAM ы | к= і 
eS ee T iL Aa кс Ул) Чеш... 
AM ol // 40 | 25 (-./4? | ./Ұ? | db! 
LN ub. HN /%”7 4-27 | .e£2 
EA ME AA т СД РУ 1 IA AS 
Кышы ISS LT e E ЖА 


+9655 (20M, D+. 693 (20V,) - 2.519 (¥00)=0 


Vertical Detlections @ Joint 2 | 

E up p M oer fa Ar| Load oe бе AV | 

е яй 6 er i З “т 4 MA: - 20A, Ду, го У» м, (= 00 mala Fo: “#оо 22 ==) 
«2 ест á у loch wns GS Po OMSL . 77“ | 

---- 2—6 2.00 — | = 

Е EW ERE Бла сш ee 33 
Mee ea Oo РВ аа она] 

-2 S ES SW MA M ж —; | 

ЖЕ См Ei T. e BEE] all | 


2-4 SES 67 ‚Ill Jn -.055$ IN 
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4.693 (20M I+7.277 (20 V,) -.23/ (40070 
Mas 6,2 k 24 ./%4 
Emol Freactreas Ж /Уо/ <> 75, 


P d 4 SS; 
Sf шы 
(? 


D | Y-/6 fe 


сов N 4 y SE Mm 
ЖҮЛ? 
SHE SSCS 
14 WSF - Cx FOr ior columns, 
LABOR : 
Фа eg би fg: 2o ksi 


18.9 
hgs SENA dsi РР FEA UCT 


Yup Why “ЖЕ, 13.5 
ба Fa 7647 O 


18.2 | / | 
OA Е 577 20/ 2. 7 £5; m RG (4 = 2 04 és, 


s ОМО ¿SO > .770 


КЫ; 


shear ¿llowed 2/13: 39x.2872 19,9 actuals bok 
IGNEZA- Foof men bers 
Op P^ SES 2 19.6 si а: 20 65/ 


РЕ 4 25. . SES, ж. 22042. 2) fA г жь, 


г 
fi, 25,4. о2/».225:. 776 
74 


81-729 - inferior colomes (g/) 








PTT. | A ZP 
eo яр = irr * 5.78 43! зи" бу : 820 з ғ /1. 6 4 зи 
244. 26. 120. 4_ 240. 
Ж 52344; rue E * 8 
FA * 10,92 Ls) 


A, A. &43 


2 224. БЕРУІ; 
41.3 4. 180, oe 286, 
oe 4 PI M 9/ £s, ^y y Ae ЖЕ B x 24 127 
Жа: 9.93 65; 


shest alowed © 13x Gx, 2953 /2.7 4 


əc fual: оғ 
Find { "mer b CPS 


ZL lero columns FK S +007 members - (9 b= 34 
Ln 00? (or cohmns (N) - ENE24 


Weight 
Columns - 2x20x 39 =/360 
3x20x24 =/1440 
roof, prernmbhaCrS-Ex 22. 4x 34 =/00 
B900 
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20" span per bay; £0' total span. 
Forces at cut joint: He 14k, У - .08к 
Reactions at base of exterior column: Н = 1.Bx, V - 9,45k 
Final menbers: 


exterior encinas and roof sembers - 12514 
interior columas «= 6815.5 


*teilcht: 1.72 psf 





240' total span. 
Forces at cut Joint: fH - 15,9x, У - „Sk 
Reactions at base of exterior column: Ч =- 15,055, V = 30.2% 
Final members: 


exterior eolumne and roof members - 152555 
interior columns - E21 F28 


meizht: 3.71 ра? 
ЗО" арап рег Бау; 720" фобаї epan. 


*orces at eut joint: NY - 26,2x, V - 1.2k 





Reactions at base of exterior column: H - 24,0k, У - 40.9k 


Final menbers; 


exterior columns ~ 217773 
interior columna - 3" FAO 
center column - OR P3S 


roof members - exterior bays -~ 21. РГ> 
foor members = interior bays - — 217768 


Weight: 4.58 pef 





рег Бау 


Forces at cut Joint: Ч - 41.5k, V - 2.1К 


Reactions at base of exterior column: H - 37.2x, У - 51.Ок 
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Final menbers: 


ж 

exterior columns - 24100 (use e of 3”) 
interior columns - 3758 

center column - Be "48 


roof members - exterior bays - 24+ 594 
roof members ~ interior bays ~ 241784 











45. und} of Te ight 9 
pef of 
No. of “pen Total floor 
1 40 40 3.61 
1 60 60 4.74 
1 80 80 5. 54 
1 120 12 7.59 
1 150 150 8,62 
2 20 49 1.87 
2 40 Зо 5,01 
2 60 120 4.04 
2 80 160 4,70 
2 120 240 6.59 
2 150 20 7.90 
2 20 60 Bi; FF 
3 40 120 2,87 
3 60 180 з. 82 
3 20 240 4,54 
3 190 300 5.71 
4 20 80 1.72 
4 40 160 2.79 
4 60 240 3.71 
4 80 320 4.53 
4 100 800 6.55 





4-6 e 


33 we 130 


| 50 ж? 124 
| 27 *F 102 









| 
D ans 
|18 ЯҒ 55 


| 16 ** 40 
| 14 72 34 
| 14 =F 30 
| 8 we 67 
8 як 58 
Я яго 48 
8 тк 40 
8 %т 35 
Ser 31 








| 8 тк 28 
8 «ғ 24 
6 зғ 20 
5 9715.5 
12 2 16,5 
12 в 15 











50 55 108 
24 «т? 100 
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Some Properties of Selected Wedee-3ean Sections. 





53.64 
42,00 


Depth 
62.20 
56.32 
50,14 
44,68 
44.18 
38.48 
38.26 
32. 52 
28,00 
24,00 
5.72 
14,00 
15,50 
13.00 
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